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(54) Method of sterilization 

(57) This invention provides a process of sterilizing 
a medical device, and preferably the contents of a 
sealed container which comprises said medical device, 
comprising the step of exposing said medical device to 
ultraviolet radiation whereby the D^^ of Bacillus 
stegrpthermpphilus (ATCC 7953) is at least 3.9 mJ/cm 2 
ultraviolet radiation in the range of 240-280 nm to the 
spore. Further, this invention provides a process of ster- 
ilizing a medical device comprising the step of subject- 
ing said medical device to ultraviolet radiation wherein 
the minimum total energy density of said ultraviolet radi- 
ation in the range of 240-280 nm which reaches the 
microorganisms present on said medical device is at 
least 18 mJ/cm 2 . 

This invention further provides an apparatus for 
delivering UV radiation to a medical device for steriliza- 
tion comprising a radiation source and a reflector for 
said radiation source wherein said reflector directs radi- 
ation from said radiation source such that at least 3 
J/cm 2 broad spectrum radiation of which at least 50 
mJ/cm 2 of said radiation is UV radiation in the range of 
240-280 nm to a treatment area for said medical device, 
said treatment area is at the focal plane of said reflector. 
This invention provides a process and apparatus in 



which sterilization can be achieved in less than 20 sec- 
onds, preferably less than 15 seconds, more preferably 
in less than 5 seconds. The process and apparatus are 
efficient and continuous. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates broadly to sterilization of medical devices. More specifically, this invention relates to a 
novel apparatus and process for the sterilization of medical devices using ultraviolet radiation. 

DESCRIPTION OF THF RFI ATFH ART 

[0002] Medical device sterilization processes, and in particular commercial contact lens manufacturing sterilization 
processes, typically involve some form of temperature and/or pressure-based sterilization techniques For example a 
hydrophilic contact lens is typically first formed by injecting a monomer mixture into a mold. The monomer mixture is 
then polymerized 0.a the lenses are cured). After other optional processing steps, such as quality inspections, the lens 
is placed into a container wrth a solution and the container is sealed. The packaged lens is sterilized by placing the con- 
tainer .nto an autoclave at an elevated temperature and pressure for an extended period of time, usually at least 15 min- 
utes, typically 30 minutes. Although this commercial process produces thoroughly sterilized contact lenses the batch- 
wise autoclave sterilization step is time consuming and costly. 

• I0 ^L ^f, u f opean Patent Application No. 0222 309 A1 discloses a process using ozone in which packaging material 
is disinfected in a manufacturing setting. The process involves feeding an oxygen stream into an ozonating chamber 
generating ozone from oxygen in the ozonating chamber, placing packaging containers in a sanitizing chamber feedind 
the ozone .nto the sanitizing chamber, and purging the ozone from the sanitizing chamber with sterile air. The process 
requires that theozone contact the packaging material for a predetermined time, followed by the sterile air purge step 
The process is offered as an alternative to heat-steam sterilization, sterilization by application of electromagnetic radi- 
ation, or chemical agent stenlization. 

[0004] U.S. Patent No 5.618.492 discloses a process for producing a sterile contact lens in a sealed container dur- 
ing a continuous production process wherein the contact lens is immersed in an ozone-containing solution within a con- 
tainer during a continuous lens packaging process, and the lens and container are subsequently subjected to ultraviolet 
radiation pnmarily to degrade the ozone This process sterilizes the contact lens and the container 
[0005] Non-ionizing radiation such as ultraviolet (UV) light is known to damage the DNA of exposed cells The UV 
hght causes bonds to form thymine dimers which inhibit replication of DNA during cell reproduction. UV light is used for 
disinfection in hospital rooms, nurseries, operating rooms and cafeterias. UV light is also used to sterilize vaccines 
serum, toxins, municipal waste, and drinking waters. The major weakness of the efficacy of UV light as a sterilizer is 
that for most matenals the radiation is not very penetrating, so the microorganisms to be killed must be directly exposed 

»u ins r3uiai ion. 

vSnicroo^^foT ^ WO96/09775 ^ US9 * 8 UV ' i9W •a"*" ««* 

*2 !t tent 4 ", 464,3 l 6 SU9SeS,S 8 meth0d 0f sterilization «V a «ash discharge ultraviolet lamp. The pat- 
ent teaches that by applying short duration high intensity UV light that microorganisms will be destroyed; however the 
conditions for sterilization are not disclosed, nor its application for medical devices 

[0009] US Patent 5,786.598 discloses the broad concept that a flash lamp system might be used for deactivating 
microorganisms ,n containers including a polyolef in container with a foil backing that contains a contact tenH^rS 

Sn^ 

ganisms which, by their grow* and/or acbvrties, may cause bknieterioration of a given material or product P. Singleton 
™ aS2T ^Pjaonary Of Miorohioloqy flnrl Mflteula Piotogy John Wiley & Sons. New York. NY.pp 702- 
703 AHhough the patent discloses the idea of using aflash lamp system to sterilize contact lenses in a presen/ed solu- 

so [001 0] US. Patents 5.034.235 and 4.871 .559 disclose the use of intermittent pulses of very intense very short 
duration pulses lof light to inactivate microorganisn* on the surfaced 

be used for packages, medical devices, and food products in packages. asmaiinemeinoacan 

SJJiIli a J 18 ' 6 Stil i rem !i. n fl a T'J* 8 time - efficient - continuous, effective sterilization process for pharmaceutical 
a medlcal - a"d cosmetic products which can be used in an inline mode in the manufacture of these products. 

SUMMARY OF THF IKIVFNTIO M 

[0012] This invention provides a process of sterilizing a medical device, and preferably the contents of a sealed 
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container which comprises said medical device, comprising the step of exposing said medical device to ultraviolet radi- 
ation whereby the Dyahn of Bacillus stearothfirmophilus (ATCC 7953) is at least 3.9 milliJoule per square centimeter 
(mJ/cm ) ultraviolet radiation in the range of 240-280 nm to the spore. Further, this invention provides a process of ster- 
ilizing a medical device comprising the step of subjecting said medical device to ultraviolet radiation wherein the mini- 
5 mum total energy density of said ultraviolet radiation in the range of 240-280 nm which reaches the microorganisms 
present on said medical device is at least 1 8 mJ/cm 2 . 

[0013] This invention further provides an apparatus for delivering pulsed UV radiation to a medical device for steri- 
lization comprising at least one radiation source and a reflector for each said radiation source wherein said at least one 
reflector directs radiation from said at least one radiation source to a treatment area such that for each pulse of said at 
io least one radiation source, at least 3 J/cm 2 broad spectrum radiation reaches the treatment area of which at least 45 
mJ/cm of said radiation is UV radiation in the range of 240-280 nm. The treatment area is preferably at the focal plane 
of said reflector which has the maximum flux, and is where the medical device or container for the medical device is 
located for treatment 

[0014] The process and apparatus of the invention is used to provide sterilized medical devices. Further this inven- 
tion provides a process and apparatus in which sterilization can be achieved in less than 20 seconds preferably less 
than 15 seconds, more preferably in less than 5 seconds. This invention provides a process and apparatus which ster- 
ilizes medical devices and optionally sterilizes the contents of the containers holding the medical devices Preferably 
the process and apparatus can be incorporated into a manufacturing line. The process and apparatus are efficient and 
continuous. 

DESCRIPTION OF THF FlPil I RPR 

[001 5] The invention will be described with reference to the following figures: 

Figures 1 and 2 illustrate one embodiment of the system used in the process of this invention- 
Figure 3 shows the sensitivity of Aspergillus niqer (ATCC 16404) to radiation of different spectral ranges- 
Figure 4 shows the sensitivity of BapiHusstearpthffrrnophihis (ATCC 7953) to radiation of different spectral ranges- 
Figure 5 shows the sensitivity of Pseudomonas aeruginosa (ATCC 9027) to radiation of different spectral ranges! 

Figure 6 shows a graph used to determine the of Bacillus steamthormnnhii.^ (A TCC 7953). 
DESCRIPTION OF THE INVFNTIQN| 

[0016] The term "sterile" or "sterilization" as used herein means the condition of an object, or an environment 
which is free of all Irving cells, all viable spores (and other resistant and disseminata forms), and all viruses and sub- 
viral agents capable of replication. Sterility is assured by a minimum sterility assurance level of 10' 3 preferably 10" 6 
more preferably 10*. and most preferably 10" 12 when the container is inoculated with 10 s microorganisms The mini- 
mum sterility assurance .level is dependent on the type of medical device. For example, for sterilization of a single-use 
contact lens, the USFDA requires a minimum sterility assurance level of 10" 6 in the number of microorganisms per con- 
tainer A sterility assurance level of 10" 6 is the probability of having 1 non-sterile package out of one million packages 

1 . .u ?" 8 amount °* ener9y required t0 m 90 Dercent of organisms present For steam sterili- 

zation, the D valU8 is the time required at a given temperature to reduce the number of viable cells or spores of a given 
m.crcwganism to 10 percent of the initial number, according to P.Singleton and D.Sainsbury in Dictionary of infantum. 
™** ****** Bite 1988. John Wiley & Sons. New York, NY, pg. 256. According to ANSlSSdsforSa 
radiation, the D vtlU9 is the radiation dose required to kill 90 percent of the organisms of a homogeneous microbial pop- 
ulation, which is defined by assuming that the death of microbes follows first order kinetics. In the case of non-ionizing 
radiation, the D valuo will be the non-ionizing radiation dose required to kill 90 percent of the organisms of a homogene- 
ous microbial population, which is defined by assuming that the death of microbes follows first order kinetics The D , 

SS^S ^T^T f f^ l ^ WSm: ° — =U/(L ° 9 N u ) , where N 0 is the initial nunfcer 
of microorganisms In each replicate unit, N u is ln(n/r), where n is the total number of replicate units exposed to the ster- 
ilizing dose U. and r is the number of units exposed to dose U that test negative for growth. Using the D Mh . the steri- 
kang dose > can be calculated. For sterilization of a medical device such as a single-use contact lens, the requirement is 
for a sterility assurance level of 10" 6 . The total dose, therefore equals (log N„-log NJ 
[0018] The term "ultraviolet radiation" or "UV radiation" means radiation having a wavelength or wavelengths 
between from 200 to 400 nm. If a range is specified following the term "ultraviolet radiation" or "UV radiation" a nar- 
rower range of radiation is meant within the 200 to 400 nm range. Further, the range specified, unless otherwise stated, 
means radiation having a wavelength or wavelengths within the range. 

[0019] The term "broad spectrum of radiation" means radiation having at least a majority of the wavelengths 
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between 200 to 1 100 nm wherein at least a portion of the radiation is UV radiation. 

22? . h ™ 8 i nven *|? n <*" be used to steriliz * m «lical devices. The configuration of the system used to sterilize the 
medical device depends on the transmissiveness of the medical device to UV radiation (240-280 nm) If the medical 
dev.ce is transm.ss.ve to at least a portion of the ultraviolet radiation (240-280 nm), for example, preferably greater than 

-n^^T^^^f^ * h f2 ^ PerCe . nt ' more ««n 75 percent. thSi a Single radiltion lour^ 

can be used to stenlize the medical device as long as at least 18 mj/cm 2 . more preferably at least 30 mJ/cm 2 most 

faces of the medical device to be stenhzed. If the medical device is not transmissive to UV radiation (240-280 nm) or is 
ransmisswe to such a small percentage of UV radiation (240-280 nm), for example, less than 10 percent, then more 
than one rad.at.on source will most likely be necessary to sterilize the medical device. However, any configuration and 
any number of radiation sources can be used as long as the minimum levels of energy specified herein reach all the 
rn.croorgan.sms or all the surfaces of the medical device which are to be sterilized 

[0021] This invention is preferably used to sterilize medical devices which are in sealed containers. If the medical 

rad.at.on (240-280 nm). preferably the container is transmissive to at least 2S% of the uKraviolet radiation (240-280 nm) 
more preferably the container is transmissive to at least 50% of the ultraviolet radiation (240-280 nm). and most prefer- 
ably the container is transm.ss.ve to at least 75% of the ultraviolet radiation (240-280 nm). Ideally, the container is trans- 
rn.ss.ve to substantially all of the ultraviolet radiation (240-180 nm). If the medical device is transmissWto a SSt a 
*l uHr f™ let ^i 3 * 00 < 240 - 280 ™n>- ai * a single radiation source is used to sterilize the medical device 
and rf the med.cal device is in a container, then the container can be transmissive to at least a portion of UV radiation 
only ,n one area of the container, as long as enough radiation can reach all Ihe microorganisms and all of the surfaces 
ofthe _ medical device and contents of the container. (The contents of the container include the inside surfaces of the 
container and any solution or other storage medium for the medical device which is inside the container) However if 
more than OTe radiation source is used, it is preferred that the container is at least partially transmissive to ultraviolet 
rad.at.on (240-280 nm) over most of the surface area of the container, and preferaWyLbstantially over theentiTeC- 

matenals that have less than 10 percent, more preferably not less than 25 percent, ultraviolet radiation (240-280 nm) 
transr«ss.vty More preferably, the container is transmissive in substantially all directions to at least 50% of the UV radi 
ation (240-280 nm). and most preferably the container is transmissive in substantially all direction ito, leai 7S% 

22*1. ,^i X f mP ' eS of " ,ediC f l devices which "** be used in the P roces s of this invention include, for example, cath- 

Susrf to ^S!lS^ ^ T KS : r Ckin9 ' SteP,6S ' banda9eS " and ,ike " Materials^ich may 
be used to make the medical devices include metals, glycerol monomethythacrylate. polyvinylalcohol. polyvinypyrro- 

yiacrylic acid, mefliylmethacrylate. urethanes. polypropylene, polylactide. polyglactide. polyethylene glycol 
polypropylene glycol, and the like, and the materials described below t™y«nyiene g , yC oi. 

^LrJf^T 6 ^ ~"] p,exit y. and energy demands of this method of sterilization, it would follow that it would 
be preferred that the medical dev.ce is at least partially transmissive to ultraviolet radiation, preferably the medical 

iSXSSSTTl t0 * ^ UltraV, '° l9t radiation - P referab * ^ me dical is transmS To 

8 ♦ f • ^ ? 6 rad,at,0n • 01081 * e medic8j devic8 * transmissive to at least 50% of the 

n 52 S'fh ° a r^^^ m6diCal device freated bv *> <* *• Mention is a contact lenses more 

TS* T'! " a , hermetical| y sealed intact lens container, and even more preferred that the™ 

Sfn^SZS" 6 8 S U ' d .'!l WhiCh ? 6 1608 fe immersed ' Even th0Uflh *• method would be simply 
I ut. ^! ransmisa u ve med,cal dewe - *» Presently preferred contact lens is a contact lens comprising a blocker 

atn rSn^lT" 13 " 3 ^ ^^t^ 9reater,han 50% " «« mostpreferabfy greaterthan^oTS 

• 2 "^' n9,ng ^ rtl 7,19 Pre<erred «*°*™* process of sterilizing a contact lens will bL 
fh^STL f re ' n: T' rt ^PP arerrt ** other medicaJ devices, such as those listed above, can be suSuS £ 
the contact lenses in the method described in detail below for contact lenses suosuimea ror 

50 2SL a ^l P ^ e,Ted th8 P /°f SS 01 thfe inventi0n is incor PO ra *ed into an in-line continuous contact lens manu- 
factunng and packagmg process. In the most preferred embodiment, the contact lens is formed and placed in a contart 

E? ZTT' * IUt, ? n ' S 10 COntainer ' * e oonteiner is "«W and the container is subjected to shorToSa 
Ipt!q high intensity pulses of radiation, including ultraviolet radiation (240-280 nm)to produce a sterile packagc^conte^t 

55 S^IZX? d "°" and USa ,n 109 P retsrred embodiment, the cental lens c^prisesXn^eS^ 

St lit St^JSh 80 aqUe ° US ^ IUB ° n J n ^ COntainer 1,18 manufacture and P |ac emeit o?the con- 
act lens in the oonteiner can be by any process for making contact lenses including those described in for example 

SZSZZ^,*^^ 5 -° 39>459: 4>889,664: 4 - 565 ' 348: 4 ' 495 " 313 ' **P™5 * rZ 
Other methods are disclosed in other patents, and are known to a person of ordinary skill in the art. 
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[0025] The preferred method provides that a contact lens mold is formed by injection molding two thermoplastic 
contact ens mold halves which, when put together, form a cavity in the shape of the contact lens. These thermoplastic 
contort lens mokis are typically used once to form a contact lens. Reusable lens molds made out of more durable mate- 
rials, for example, glass or metal can also be used. Typically, before the lens molds are put together, the monomer or 
s prepolymer mixture which forms the contact lens polymer is injected into a first mold half and a second mold half is 
placed onto the first mold half which pushes out any excess monomer or prepolymer mixture. However, a one-piece 
mold can be used to form the contact lens, or the monomer or prepolymer mixture can be injected between the molds 
after assembly of the molds. The monomer or prepolymer mixture is then cured to form the contact lens Curing of the 
monomer or prepolymer mixture is preferably initiated by using photoinKiation. After curing the monomer or prepolymer 
10 mature, the mold halves are removed, and the contact lens is hydrated. if needed. After hydration, preferably one con- 
tact lens is placed in a contact lens container. It is preferred that each contact lens container also contains at least 
enough aqueous solution to fully wet the contact lens in the container, but the presence of aqueous solution is no 
required in the process of this invention. The aqueous solution, if present, can be added to the container before or after 
placing the contact lens in the container. Further, the container can be sealed before or after the sterilization step Alter- 
,5 nahvely. the container can be sealed before and after the sterilization step if multiple layers of the container are added 
in multiple steps. For example a sealed container can be shrink-wrapped or a label added after the sterilization step- 
orthere can be multiple sterilization steps before and after sealing the container. For example, the container can 
undergo the aerilizaton step while empty, and/or when it has liquid in it and/or when it has a contact lens placed in it 
and to not seatecUnd/or after the container is sealed with the contact lens and optional liquid present in the container 
In addrtional embodiments, the individual parts and contents of the container can be individually treated by the method 
£ SjIT^ZJ?? ?" assembled ' and/or a S ain - « ■» presently preferred to hermetically seal the container 
in which a contact ens is present prior to the process of sterilization, and to perform the step of subjecting the hermet- 
ically sealed container having the contact lens therein to UV radiation (240-280 nm) only once. The container can be 
sealed by any means which provides a hermetically sealed container. container can oe 

[0026] The contact lenses useful in accordance with the present invention may be formed from any materials useful 
or contact lenses. Foracample. the lenses may be hydrophilic lenses formed from the polymerization or copolymeriza- 
tion of acrylates or methacrylates. such as 2-hydroxyethyl methacrylate (i.e.. HEMA); hydrophobic lensesformed from 
polysiloxanes; or lenses formed from copolymers displaying a range of hydrophobic and hydrophilic properties The 
» SET*. COntaC, t ' enS I material is Etafilcon - A «"* HEMA. MAA. EGDMA, TqSmA. and SS Usefcl 

30 contact lens materials are described in US Patents 5.484.863; 5.039.459; 4.889.664; 5.0684058- 5 654 350- 

SSo„ nJ2?2 *1 ** ' nVenti0n °" be U8ed to s,erilize lenses contain ultraviolet 

radiation blocking agents. Contact lenses containing ultraviolet radiation blocking agents include. Acuvue® and Sure- 

^l m ^° h "!°" tl? h nS °^: r0dUC,S - Bl0CWng aflente be used contact .ens comSns 

^L ^C l ^2-(2•-hydroxy-5-methacryloxyetn y 1pheny1)-2H-benzotriazole; other benzoWazoles. 

k m ^^ ,0 ^ ett ^ heny,) - 2H - benz0tria20le; 2-{3'-tert^-2'-hydroxy-5--(3"ethacryioytoxy- 

propyOphenyiJ-5-chlorobenzotriazole; and benzophenones. such as. 1.3-bis(4*enzoJ-3^droxyphenoxy)S. 
pyO(meth)acrylate; 2 ; hydroxy^.((meth)acryloxyethoxy)benzophenone; 4-methacry1oxy. 2 .Mr5enzophen?ne 
others disclosed ,n US Patents 5.133.745; 4.528.311; 4.716.234; 4.528,311 and 5,681.871. arxiS^ 

f. «™ ,he ^ Cortacl lenses 03,1 be made «*oning to examples and teachings in US Patents 

6.188 .745; 4.716 234; 4.528.311; 4.304.895 and 5.681.871. Also the process of thfeinvention can be used to sS 
contact lenses which contain tints, including visibility tints, including Reactive Blue #4 (2-anthracenesulfonic acid 1- 

« Sue *♦ 5 ' 292 ' 350 - ™ e mo 5t Preferred lens material is Etafilcon-A further comprising Noroloc™ and Reactive 

SSU JlLTrT S Hf^ '* PreS . Snt in COntac, lens container ' is P re,erab| y ^ered to a pH of between 
about 6.5 to about 7.8 in order to approximate the pH of the fluids in the eye. The solution may be buffered by a wide 
variety of buffersinduding phosphates, borates, citrates, and other biocompatible buffers knoJ ito • m m2£ 

HE? 51 2TJr ,n y P TT ^ 18 a ***** 80luti0n - ^ "«« °* «**» ^nds on the size of S 
VZtSEZ** 1°1 n °l COntai " any P reservativ es. Typically, the containers a volume between 

as miHUiters and 50 milliliters, preferably about 1 milliliter, and there is between 0.1 milliliter to 1 mi ters preferably 

about 0.5 milliliters of solution in the container. preieraray 

IT 91 i ? onteiners wbicn a -8 usef "" " <his invention are any of the known containers which are or can be hermeti- 
XZZfS ftST COntai ? erS ? St l6aSt Partia " y franstrtssiv e to ultraviolet radiation (240-280 nm). The con- 
XSZ^ZSTF" 9 9 ^' thermop,asti0 P° uches «« te 9S. cyclic olefin copolymers, injection molded or 
f containers, and conventional bowls and lids for contact lenses, as long as enough ultraviolet radi- 

TTJSS^iSr^ 8 °n iner 10 Steri ' i2e the 00,116,118 01 the ft is P' es en% Prefe" S fti 

the contact lens container comprises a bowl and a lid. It is preferred that the material or materials of at least the bowl 
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of the container are at least partially transmissive to ultraviolet radiation. Particularly, for the sterilization of a contact 
lens composing UV-blocker. it is even more preferred that the bowl and the lid are at least partially transmissive to ultra- 
violet rad.at.on. preferably in all directions. To accomplish this, it is preferred to replace the conventional foil lid with a 
thermoplastc lid which may consist of one or more layers of, for example, Aclar. nylon, polyamide, polyvinylidenef mo- 
netae (PVDF). polyvinylchlorides (PVC), Saran (poiyvinylidene chloride (PVDQ). Saran coated Pv6SK« f a 
polytetrafluorethylene cast polypropylene, acrylics, polyethylenes. polystyrenes, and polychlorofluorides e.g. polychlo- 
rotnf uoroethylene. polyesters, and copolymers of these materials and cyclic olefin copolymers. It is presently preferred 
that he bowl is a polyolef in, and the lid comprises polypropylene. The materials of the bowl and the lidstock should Dref- 
erably be free of any component that will scatter light The most preferred method of sealing the container is to heat seal 
the thermoplastic lid to the thermoplastic bowl. The most preferred containers and materials for the container are 
™™" a ^! m i , ^ e f )USly ,Hed Eur °P ean application by the same applicant claiming priority from U.S. Serial No 
09/259 795 entitied "Package for Medical Device" (attorneys ref; P024043EP). 

[0030] Sterilization of the contact lens and preferably the contents of the container is achieved by subjecting the 
container to short duration, high intensity radiation comprising ultraviolet radiation (240-280 nm), wherein the enerav 
densrty of said high intensity ultraviolet radiation (240-280 nm) inside said container is sufficient to provide complete 
mactovabon of the respective microorganism. The radiation must comprise UV radiation (240-280 nm) because it has 
been determined that radiation in the ultraviolet radiation range is most responsible for the inactivation of microoraan- 
isms; however, the IR, and VIS areas of the spectrum may or may not contribute to the inactivation depending on the 
microorganism. Different microorganisms are known to be affected differently by ultraviolet radiation (240-280 nm) 
Viruses are susceptible to UV radiation, and vegetative bacteria are more susceptible to UV radiation. The spore-form- 
ing microorganisms are known to be the most resistant to UV radiation. The reasons for the resistance of the spores to 
UV radiation is primarily attributed to the composition of the outer coat of the spore and the ability of spores to refract 
light Therefore, a range of intensities will affect different types of microorganisms differently. We have determined that 
one of ttie most resistant microorganism to this method of sterilization is Bacillus stmrtotm^ w^ (ATC c 7953). The 
D value for Bacillus stearothermophilus (ATCC 7953) is at least 3.9 mJ/cm* ultrartolet radiation (240-280 nm) to the 
spores. For a sterility assurance level of 10" 3 . the dose to the microorganisms (where the initial inoculum is 1 0 4 cfu/con- 
tamer) is at least 30 mJ/cm 2 of UV radiation (240-280nm). For a sterility assurance level of 10" 6 , the dose to the micro- 
organisms is at least 41 mJ/cm 2 of UV radiation (240-280nm). For a sterility assurance level of 10*. the dose to the 
microorganisms is at least 52 mJ/cm 2 of UV radiation (240-280nm). For a sterility assurance level of 10" 12 , the dose to 
iih^^r 8 V least . 65 1 mJ/cn f * UV (240-280nm). This energy is preferably supplied in a single 

flash by a flash lamp. For an initial inoculum of 10 6 . the microorganisms are exposed to at least 45 mJ/cm 2 of said UV 

2£X ?105?T ) J° ProVide 8 ***** aSSUranCe 19,61 of 1(r6 - ln 819 P referred enfcodiment, in which the medical 
device is a UV-blocker lens in a container having approximately 50% transmissivity for UV radiation (240-280 nnrt the 
energy is provided by two flash lamps each having a reflector and each of which provides approximately 3.5 J/cm 2 
br^d spectrum , of which 50 mJ/cm 2 is UV radiation (240-280 nm) to the container, arxl the lamjs flash simuteneoS 
whereby the contact lens, and more preferably the contact lens and the contents of the container are rendered sterile 

Jr^" 16 ^-"" 18 apprQximate| y 50 P ercent of *» UV radiation impinging on it from each lamp to reach the con^ 
tents ot the container. 

[0031] The high intensity ultraviolet radiation can be generated and directed to the container by any means includ- 
Zf^f^ S^'r V®! 0 ?. re,,e ? torS ' ,i9h,9Uides> li9htpipes ' ,ib6r dioptric or catadioptric optical sys- 
2 r^ZZT**- 1 ' S ^L erred i hat 81 ,east 10% " preferred at 30% and most pTeferredlt 
SSSL ,«n ? I Bt ^ 9y , ^' Ch reacheS a " ,he suriaces 01 medical device »° »» sterilized is ultraviolet 
^ Sn!l 1 ^ ■ 1 1!^'^ deV,Ce in 3 C0ntain6f ' rt 18 ^ at least 10% - <™° referred at least 30% 

and most preferred at least 50% or more of the total energy which reaches all the surfaces of the medical device and 
the contents of the container is UV radiation (240-280 nm). The high intensity ultraviolet radiation, general J any 
means including lasers, and lamps, pulsed or continuous, can be adjusted by the use of filters, choppers splrttere 
optics. dichro.c mirrors, diffractive mirrors, gratings, bandpass filters, short pass filters, long pass fflters?dielectric coat- 
■£"251 86leCtiVe beam fP ,itterS - fTWn0Chramator8 - Fabr ^ Etalon'Saflective coating bS 
T^'^TJ^T % "J?" 8 " 1 !? 0 dSViCeS t0 f0CUS radiation on the """n*. or to lim » * a which 
.1 T h * k i^L - 6 °, r * e COnta ' ner t0 the Q^micidally effective wavelengths, or to eliminate radiation at wave- 
lengths which wiN detrimentally impact the container polymer or medical device polymer. For many polymers which are 

^3^^2^ b s v T h ? ir T rs and T>« lenses - M were desS * 3arfier - S-TSS 

^s frian 320 nm is absort>ed by the polymers and may cause chain scissions Within the polymers. To protect the pol- 
CJ^hfn^ShlL T nS 5 J** wave,en Bt" s ° f * a ^ a «°n. which reaches the contact lens con- 
betw !f" 1,16 radiatl0n source and contact lens container, or the container can be constructed 
to filter out certain regions of the spectrum. 

225 ,„ " T feUnd ^ at th9 presence * UV - b,0Cter a 9 ente in "^ct 'ens polymer provides pro- 

tection to the contact lens polymer. For example, an Etafilcon-A contact lens without UV blocker can withstand up to 
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approximately 35 mj/cm 2 UV radiation (240-280 nm) and/or approximately 5 J/cm 2 broad spectrum radiation delivered 
to each side of the lens by each of two flash lamps which flash simultaneously in multiple flashes before the equilibrium 
water content of the contact lens is increased such that it falls out of specification; however, an Etafilcon-A contact lens 
comprising a UV blocker, such as, Norbloc™ can withstand more than 150 mJ/cm 2 UV radiation (240-280 nm) and/or 
approximately 10 J/cm z broad spectrum radiation delivered to the contact lens before its mean equilibrium water con- 
tent is increased such that it tells out of specification. 

[0033] The sterilization dose of radiation can consist of only ultraviolet radiation having wavelengths of 200 to 400 
nm. or between from 240 to 280 nm. or radiation at a single wavelength, or the radiation can consist of a broad spectrum 
of wavelengths including visible, infrared, or any combination of the above, as long as at least a portion of the spectrum 
is at 254 nm or between from 250 to 260 nm. In the presently preferred embodiment, each flash lamp produces 3 5 
J/cm 4 broad radiation of which approximately 11.9% of the total energy is between from 200 to 400 nm 1 8% is 
between from 240 to 280 nm. and 0.5% is between from 250 to 260 nm. A more preferred radiation source would be 
one in which at least 25% of the total energy is between from 240 to 280 nm; more preferably at least 50% and most 
preferably greater than 90% of the total energy is between from 240 to 280 nm. 

[0034] Sterilization of the container, which preferably comprises at least one contact lens and aqueous solution is 
preferably achieved by subjecting the contact lens and container to short duration, high intensity ultraviolet radiation 
wherein the energy density of said high intensity ultraviolet radiation in the range of 240-280 nm at all the surfaces of 
the contact lens is at least 1 8 mJ/cm 2 . more preferably at least 30 mJ/cm 2 most preferably at least 36 mJ/cm 2 whereby 
the contact lens, and more preferably the contact lens and the contents of the container are rendered sterile ' 
20 [0035] Note that the monitoring system that was used to measure all the spectroradiometirc enemies reported 
herem is further described in a simultaneously filed European application by the same applicant, claiming priority from 
U.S. Serial No. 09/259 796 entitled "Sterilization System" (Attorney's ref: P024044EP). 

[0036] The monitoring system disclosed in Ebel et al. can measure differences in the spectroradiometric output of 
each flash, even if the total energy level of the flash does not change. That application indicates in an example the 
importance of measunng the spectroradiometric radiation, because in the preferred embodiment, a measurement of 
the broad spectrum radiation does not indicate if the amount of UV radiation (240-280 nm) as a portion of the total radi- 
ation has dropped below the necessary amount to achieve sterilization. 

[0037] In the preferred embodiment, the ultraviolet radiation is delivered to the container by a system which pulses 
orffashes the container with a broad spectrum of radiation including ultraviolet radiation. The pulses orflashes are short 
and intense, that is, the pulses last less than 5 seconds, more preferably less than 3 seconds, and most preferably less 
than 1 second. In the preferred system each flash lasts less than 0.5 second, more preferably less than 0 1 second 
most preferably about 1 millisecond, and the time between flashes is about 100 to about 200 milliseconds; therefore' 
the sterilization process can be complete within seconds even if it takes multiple flashes or pulses to deliver the steriliz- 
ing dose. The pulses or flashes deliver enough energy to sterilize the medical device and contents of the container 
Unlike continuous ultraviolet radiation which delivers a uniform amount of energy over a period of time each flash or 
pulse of energy in this system delivers a large amount of energy to surfaces of the contact lens and the container in a 
short penod of time. It is preferred that at least 1 8 mj/cm 2 (240-280nm) reaches the surface of the contact lens in less 
than 10 millisecond, more preferably in less than 1 millisecond, most preferably in less than 500 microseconds More 
preferably, at least 30 irU/cm' reaches the microorganisms in less than 1 millisecond. It has been found that the effec- 
tiveness of the system at sterilizing is dependent not only on the total amount of energy that is sipplied to the container 
but that there is a maximum amount of time (or flashes) in which that energy needs to be delivered to the container It 
has been determined that the energy required to render the contact lens sterile is preferably delivered to the surface of 
the contact lens in at most three flashes, more preferably at most two flashes and most preferably in one flash of at least 
one rad.at.on source in a pulsed UV radiation system It is preferred that the flash lamp apparatus or each flash lamp in 
«je Preferred [embodiment provides at least 20 mJ/cm 2 more preferably at least 25 mJ/cm 2 . and most preferably at least 
30 mJ/cm z UV radiation (240-280 nm) in each flash to the microorganisms. H is also preferred that the flash lamp appa- 
ratus or each flash lamp in the preferred embodiment produces at least 40 mJ/cm 2 . more preferably at least 50 mJ/cm 2 
and most preferably at least 60 mJ/cm 2 UV radiation (240-280 nm) in each flash. For a medical device in a container 
S!,^lSh t Sl G L nQ , f 8 ^ 20 P , erCent transmi ^' vit y ( 24 °-280 nm). it is preferred that multiple radiation 
MS u ^^V 0 ?* 1 ** 81 ,SaSt 80 t0tal W radiation ( 240 - 280 nm > P er «a*h. more preferably 

^l W) r V,/Cm ^ ,0tal UV rad ' ation (24 °- 280 nm) per,lasn - preferably at least 120 mJ/cm 2 total UV radi- 

ation (240-280 nm) per flash which impinges on the container. 

[0038] Additional benefits of a pulsed ultraviolet radiation system over a continuous ultraviolet radiation system is 
that it generates less heat, and that the system can be monitored to verify that a suitable spectrum was generated for 
every flash, using the monitoring system disclosed in the "Sterilization System" application referred to above 
[0039] The application of the short, high intensity ultraviolet radiation can be accomplished by using one or more 
sources of radiation. If one source of radiation is used it is preferably directed at the medical device at the base, prefer- 
ably the bowl, of the container. If two sources of radiation are used, preferably one is directed at the medical device 
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through the base and the other is directed through at the too Dreferablv at the iw nf th* a . 

SEES? rT eUX 3 h0 ' dina 3 COrtact ,ens ^esnJ^e^ 

contact lens that ,s transmit to greaterthan 30 %, more preferably greater than 50 % of UV S^^'nm) 

C in fZF^S*"" aPParatUS fof d6,iVering ^ hi9h intensi » radia *>" *> *. contact lens h^ng a U^- 
blocker in a container with an aqueous solution in the container is a PurePulse PB<5i-a Z^ 9 7T 

» 35 comprises tamp 21. reflector 23 J.amp housfr* 

prises lamp 22. reflector 24 and lamp housing 26. having a protectable S? a£ ^r?* T 
chamber 40. which was added to the PBS1 -4 system. The cr*SoS * 

S.S SP3 K Cer fL^T ^f C6r 29 S6para,es «' sup P° rts *• ,an * assTml^^ 

- 5-~h^ 

glass envelope or cylinder, preferably comprised of <*arte. rnoreprefe^^^ 

lized. The system is shown with one container 30 on the product support 28 readv for ^m;ZiZ tk. k , „ J 

the lamps facing bowl 31 to bowl with the tabs 32 to ZTpS^S? 1,19 « T' betW6en 
neously, more preferably. 8 or more containers mr^nrJ^„,« * 6 ° r . more conta,ners a"" 8 flash ed simulta- 

uct support 28 which behaves like a drawer is used to move the rLZS ilncT^w and * ata moveable P«d- 

flashed, and after^e.^ chamber "WW *e lamps are 

tact lens containers are m^^^^^^^S^^ "J* *° ^ 
bowl of the container closest to the flash lam^whl* faces *e SSSSS. m 8UPP ° rt *• 
lamp which faces the floor. 9 and ld °* the Gainer closest to the flash 

100431 Afternatively. the product support can consist of any materials which will hold the containers and permit 



8 



I 



EP1 033 138 A1 



enough ultraviolet radiator, (240-280 nm) to reach the contents of the one or more containers For example it can com 
pnse polymeric orother glass materials in any configuration v^h^m^n^T^S^i^L 
presently preferred that the product support comprises quartz. Preferably only when a i ltaW feht' S£ ^ J V! 
lished will the lamp S bepermittedtoflash.Alight-tibhtchamberw^^ 

damaged DNA after subjecting the medical device to UV radiation (240-280 nm) nn.croorgan.sms 

[0044] Alternatively, the lamps can be positioned facing in any direction. Preferably the lamps face each other For 
e^mplethelanpscanb^ 

or more preferably an array of removably-attached containers can be hung between the lamps fo^anSle by a h*£ 
clasp or chp, or the containers can be moved into the space between the lamps by a conveyor * 

L J." ,he 1 pr f erred embodimerrt. the distance between the lamp assemblies is determined by the focal planes 
of the reflectors. In the present embodiment, the surfaces of the container are 21 mm away fromthe LZ 
Preferably the reflector is designed to minimize the working distance between theTrr^eSs Zd2 M 
enough space between the lamp assemblies for insertion and removal of the contained Fv^lin^S^Z J 

Er 1 "l!!^ leve ' S SpeCified herein can be UMd t0 determine the number of flashes which are needed to 

SSSjr^JT 0 ! IT*™' ^ transmissi ^ «» a container and the medical device SnTSnS 
must be determined. As taught herein, it is now known that the minimum level of energy which mustreach theS Z 
fte container and the surface of the medical device to obtain sterilization must be «525£? 1 8 nW o 
U V rad,at,on.n the range of 240-280 nm. Then, the foHowing formula with reference to Rgure 1 c^n beSed to^Sate 
thearnount of energy. The Mowing formula is suited fcrasy^wftlchhast^.ne^.S^blSJ.SSS 
if one or more than two energy sources are used: ' oul De mtxm ,ea 

££L*££ ^ f,0m ^" ■ S0 T 8 E < X)=E «W + E bM where E a (X) indicated in Rgure 1 is the energy above 

£££ 30 r M< -nd EbW indica,ed in Figure 1 is *» enero * bel °* ' *• «*« SSS 2S 

where E a (x) « E^Ie" 1 ™ Ls x ^..(JOfe 1 ™ b x Jfe-™ L * j, 
and E bW =E ^[e^ Ls * ^."W L « J+E lWi .-KW g x q] 

the arrow labeled E L (X). The subscript LS indicates lidstock. The subscript L indicates lens The euhcrriiM aZlLLIl 
spectrum from each lamp to the outside of the container. sSZu^S^%V^ ^l I t ^ 

mmmmm 
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designated as positive for growth or negative for no growth. The positive tubes were subsequently identified and con- 
firmed as the microorganism inoculated in the test. This experiment was repeated with 100 additional tubes for 2 
flashes (50 mJ/cm* cumulative exposure from each lamp (240-280 nm)) both lamps flashing simultaneously, and 
repeated again for 3 flashes (75 mJ/cm 2 cumulative exposure from each lamp (240-280 nm)) both lamps flashing simul- 
taneously. The number of test tubes with viable test microorganisms out of the one hundred tested at each enerav level 
were recorded in Table 1 . 

[0050] The results in Table 1 clearly show that the amount of energy produced by the system was capable of inac- 
tivating some of the test microorganism; however, it was not effective in inactivating any of the more resistant spore 
formers. However, this system could be used to deliver enough energy in one flash to sterilize a non-UV-blocWng con- 
tact lens In an aqueous solution in a container having transmissivity greater than 50% for 240-280 nm radiation 



TABLE 1 



75 



20 



Number of positive tubes/1 00 


Microorganism 


1 flash * 


2 flashes* 


3 flashes * 


Asoeraillus niaer (ATCC 16404) 


2 


1 


4 


Bacillus stearothermophilus (ATfir. 70*3) 


89 


68 


4 


Bacillus su^jlis (ATfifi Q372>) 


100 


81 


29 


* each flash delivering 25 mJ/cm 2 (240-280 nm 


) per lamp 







30 



[0051 ] A series of modifications, including an increase in the capacitance of the power supply in the pulse genera- 
tor, increased the full spectrum output of each lamp to a minimum of 3.5 J/cm 2 with the UV radiation output of 50 
mJ/cm (240-280 nm) over the same 60 mm x 180 mm treatment area. In this system the two lamps flashed simultane- 
ously. A microbiological test of the output showed that increasing the UV-radiation output from 25 mJ/cm 2 to 50 mJ/cm 2 
^J**** 1 re9 '° n fr0m 240 " 280 nm * each ,amp resulted ' n s^icient UV radiation to sterilize Aspergillus niger 
1™ 1 ! 4 ° 4) ' B * cillus C ereus < an environmental isolate), Bacillus subtilis (ATCC 9372), Candida albicans (ATCC 
Q^'^^S Wuqlnrwn (ATCC 9027), Staphylococcus aureus (ATCC 6538) and Sermtia iJcL™ 
{ATCC 13880). The results of this test are listed in Table 2. Each cell in Table 2 indicates the nurrtber of containers lout 
of 100 containers which tested positive, that is, which had viable test microorganisms in them. 
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TABLE 2 



Microorganism 


1 flash * 


2 flashes * 


3 flashes * 


Aspergillus niger (ATCC ifiAfM) 


0 


0 


0 




0 


0 


0 




0 


0 


0 


Bacillus cereus 


0 


0 


0 


Bacillus stearothermophilus (ATCn 7<«3) 


0 


0 


0 




0 


! 0 


0 




0 


0 


0 


Bacillus subtilis (ATCn 


1 


0 


0 




1 


0 


0 




1 


0 


0 


Candida albican? (ATCH 


0 


0 


0 




0 


0 


0 




0 


0 


0 


Pseudomonas aeruginosa (ATCC 9027) 


0 


0 


0 




0 


0 


0 




0 


0 


0 


Staphylococcus aureus (ATCC 6538) 


0 


0 


0 




0 


0 


0 




0 


0 


0 


Serratia marcescens (ATCC iaAAn) 


0 


0 


0 




0 


0 


0 




0 


0 


0 



• each flash delivering 50 mJfcm 2 (240-280 nm) per lamp 



40 



45 



SO 



55 



[0052] While the modified machine proved capable of delivering the required amount of energy, the modifications 
reduced the lamp life from an expected 20-30 million flashes to 2-5 thousand. In manufacturing, it is not practical to con- 
sider running the machine with this reduced lamp life; therefore, the machine requires further modifications to extend 
he tamp Ma. We have determined that the reflectors need to be redesigned to focus the light energy from the existing 
lamps to the container to a smaller area of 25 mm x 180 mm. thus increasing the fluence of each reflector at the focal 
plane of the reflector to a minimum of 3.5 J/cm 2 of broad spectrum radiation and a minimum of 50 mJ/cm 2 (240-280 
T)k «o« a 5 °, perCert transmissive container, the reflector (and lamp) will deliver a minimum of 25 mJ/cm 2 UV radiation 
(240-280 nm) to the microorganisms in the container, because 50 % of the enemy is absoroed or scattered by the con- 
tainer Increasing the fluence from the reflectors focused onto the containers, will lower the required energy from the 
flash lamp, and result in an increase in the tamp life. Further, we determined tat the capacitors will need to be upgraded 
to increase the size of the capacitor to between from 80 and 160 microFarads to produce more energy to increase the 
amount of UV radiation delivered to the container. The power supply will generate a potential of 2500-6000 volts The 
energy will be discharged from the radiation source within 1 millisecond. The reflectors will have enhanced reflection in 
the ultraviolet. In a preferred embodiment, the reflectors will minimize the non-ultraviolet radiation reaching the medical 
device. The containers will be located in the focal plane of the reflectors where there is maximum flux 
[0053] The cnhcality that at least a portion of the radiation delivered to the medical device be UV radiation was 
proven by exposing microorganisms to pulses of a broad spectrum of light (200-1 1 00 nm). and as well as selected por- 
tions of the spectrum. Filters were utilized to separate the light spectrum (eg. ultraviolet: 200 - 400 nm. visible- 400 - 
700 nm, infrared: 700 - 1 100 nm and full spectrum: 200 - 1 100 nm). In this experiment 10 6 cfu/container of Asperaih 
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£• 64< l (Fiflure 3 >' BBPWwgtWWlhffnwnhUm (ATCC 7953) (Figure 4), and Easudjanarjasa^ 

(ATCC 9027) (Rgure 5) were evaluated in a container having a 50% UV transmlssive M*S5S 

EST'TS T^TJ* S0,Uti0n - Aft6r inOCU,ation ' 6am P ,e of 12 containers of each micrSntsm^e 
flashed wrth two 3 5 J/cm* broad spectrum lamp systems with increasing amounts of energy and with aTnge oTf Btei 
and r, .ft Iter After ^e samples were flashed, the samples were diluted and insulated into an agar mi?Z Sto 
count the , colony form in g unHs. The results are depicted in Figures 3-5. Figure 3 shows the sensS oTaMuJ 

^ AT ^ 404) t0 diff6rent re9tons * "S ht s P edrum - F >W* « "hows the sensiMy SuiSS 
mMf (ATCC 7953) to the different regions of the light spectrum. In Figure 4. the lines foVfte IR g ft? Sal 

10054] An experiment was conducted to determine the sterilization efficacy as a function of radiation intensity in 
X?n P °,f VSS WSre 0btained at l0Wer ener ^ levels - ln «*» studies 10* (^TmS 
^y^Sy^ 8 ^"^^ (ATCC 7953)1 and ASJgffliUuaite (ATCC 16404) wleStofS? 
toner having a 50 % UV-transm.ss.ve Hdstock and bowl (240-280 nm) with UV^ocWng contact ler^es in non-preseSd 
soutions. The .noculated containers were exposed to ultraviolet radiation (240 - 280 nm) from Z I to !s1 
nW/crt^/|3ulse^pw lamp for 1 , 2 and 3 pulses. The system comprised two lamps flashing simultaneous^ After exposure 
the entre contents of tihe container (contact lens and non-preserved solution) were added to growS medium 
bated at optimal growth temperatures for the test microorganisms. After 14 days incubation the number of Sbes for 

the threshold of complete cell .nactivation for PaciHus subtilis (ATCC 9372) is greater than 18 1 mj/cm 2 for Eferillus 
^tofi^to (ATCC 7953). it is greater than 30.7 mJ/cm* and for bLLsuw* (ATCC^6404), E£2! 



TABLE 3 



Test Micro- 
organism 


No. of 
Flashes 


I 

10.2 


JVrad 
12.5 


iation 
15.1 


(240-2 
18.1 


80 nm 
21.8 


) in mJ 
26.1 


/cm 2 ft 


om ca 


:h lanr 


P 


B. sub. 


1 


11 


7 


4 


4 


0 


0 


30.7 
0 


36.0 
0 


41.1 
1 


48.6 
0 


2 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


3 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


B.stcar. 


1 : 


IM 












IS* 




E 










' • 


m 


mi 


m 


mm 












Asoerpllu 
sniper 
(ATCC 
16404) 


i 

2 


12 
8 


12 
2 


8 
1 


2 
0 


0 
0 


0 
0 


0 
0 


0 
0 


o o 


0 
0 


3 


1 


0 


0 


1 


0 


0 


0 


0 


0 


0 



£2?. • R9Ure V*"™* 019 Sfaph ° f the averafle number of containers with Bacillus stfiagffiflmifioMus fATCC 
7953) survivors in three sets of three containers tested at various UV radiation (Z^sS^SSKS 

mj/cm uv raaiation (240-280 nm) to the container, or 3.7 mJ/cm 2 UV radiation (240-280nrm to the snor** tmc 
I0056J Although not preferred modes of this invention, it has been determined that this method of sterilization can 
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f h e a e " h l n °! d ^"^hernicals. bactericides, surfactants, preservatives or heat to the contenls of the container. Also 
H 2 1. ster, "^ tl °" °f be e"" 8 "^ b y shaW "3 «he container, or exposing the container to sonic vibration 
energy as it is exposed or between exposures to the radiation source or by heating the container. 
[0057] This invention has been described with reference to particular embodiments; however, variations within the 
scope of the following claims are apparent to those of ordinary skill in the art. 

Claims 

1 . A process of sterilizing a medical device comprising: subjecting said medical device to ultraviolet radiation whereby 
the D valu , of Bacillus stearothermophili i s (ATCC 7953) is at least 3.9 mj/cm 2 ultraviolet radiation (240-280 nm) to 
the spore. ' 

2. The process of claim 1 wherein to provide a sterility assurance level of 1 0' 6 , said spore is exposed to at least 41 
mJ/cm 2 of said UV radiation (240-2 80 nm) during said subjecting step. 

3. The process of daim 1 wherein to provide a sterility assurance level of 10" 9 , said spore is exposed to at least 52 
mJ/cm 2 of said UV radiation (240-280 nm) during said subjecting step. 

4. The process of any one of claims 1 to 3. wherein said radiation is delivered to said spore by at least one pulsed 
20 radiation source. 

5. The process of claim 4, wherein said radiation is delivered by said pulsed radiation source in at most three pulses. 
25 6 " laid Sore* 8 ^ Cla ' m 4 ° f Cla ' m 5 ' Wherei " ^ PU ' Se deliVerS 81 l6aSt 20 mJ/cm2 UV radiation (240-280 nm) to 

7. The process of any one of claims 1 to 6. wherein at least 18 mJ/cm 2 UV radiation (240-280 nm) is delivered in less 
than 1 millisecond to said spore. 

so 8. The process of any one of claims 1 to 7, wherein said radiation is delivered by more than one radiation source. 

9. The Process of claim 8 wherein said radiation sources are pulsed radiation sources and said radiation sources 
pulse substantially simultaneously. ° sources 

as 10. The process of daim 8 or claim 9. wherein said radiation sources are flash lamps. 

11 . The process of claim 10. wherein said flash lamps each comprise a reflector and a lamp wherein the fluence of 
each of said flash lamps at the focal plane of said reflector is at least 45 mJ/cm 2 UV Son ( 2 Jo.2M nm) 

40 1 2. The process of any one of daims 1 to 9, wherein said radiation is produced by laser. 

13. The process of any one of daims 1 to 12, wherein said medical device is in a container. 

14 " ^Z^T 2 11 ^f^o" ^ °vaiue °* BavjllU?Stearothermophil,.s (ATCC 7953) can be determined for a 
container by divKfing 3.9 mJ/cm 2 by the transmissivity of said container exposed to said radiation source. 

15. A processof sterilizing a medical device comprising subjecting said medical device td ultraviolet radiation wherein 
16 'm^^ 

1? " So nmT^ior!?, 15 ° r „ C,aim 16 ' WhSrein "** minimum e ^9y density of said ultraviolet radiation (240- 

e^r^ 6 ^ 

18. The process of any one of claims 15 to 18. wherein said radiation is provided by a pulsed radiation source which 
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provides at least 20 mJ/cm 2 ultraviolet radiation (240-280 nm) per pulse to said microorganisms. 

19. The process of any one of claims 15 to 18, wherein said medical device is in a hermetically sealed container and 
wherein said minimum total energy density of said ultraviolet radiation (240-280 nm) which reaches said microor- 
ganisms, further reaches said contents of said container whereby the entire contents of said container and said 
medical device are sterilized. 

20. The process of claim 19. wherein said sealed container further comprises a non-preserved aqueous solution. 

21. The process of claim 20, wherein said container is transmissive to at least 50% of said ultraviolet radiation (240- 
280 nm). 

22. The process of claim 21 , further wherein said container is transmissive to at least 50% of said radiation (240-280 
nm) in substantially all directions. K 

23. The process of claim 22, wherein said container comprises a lid and a bowl, wherein said lid and said bowl com- 
prise thermoplastics and said lid and said bowl are transmissive to at least 50% of said radiation (240-280 nm) in 
substantially all directions. 

24. The process of any one of claims 1 to 23, wherein prior to said subjecting step is the step of modifying radiation 
from a radiation source to eliminate wavelengths which would damage said medical device. 

25. The process of any one of claims 1 to 24, wherein said medical device is a contact lens. 

26. The process of claim 25, wherein said contact lens blocks at least 50% of the UV radiation (240-280 nm). 

27. The process of claim 25 or claim 26. wherein said subjecting step follows the steps of: 

(a) forming a contact lens; 

(b) placing said contact lens in a container; and 

(c) moving said container into an apparatus comprising a radiation source; and wherein said apparatus is liaht- 
tght during said subjecting step. ^ 9 

28. The process of claim 27. wherein the amount of radiation in the range of 240-280 nm delivered to the surfaces of 
said contact lens is between 1 8 mJ/cm 2 and 35 mJ/cm 2 . 

29. The process of claim 28. wherein said contact lens comprises a UV-blocker which blocks greater than 50% of the 
radiation between 240-280 nm. 

30. The process of claim 29. wherein the amount of said ultraviolet radiation (240-280 nm) delivered to said contact 
lens is between 1 8 mJ/cm 2 and 1 50 mJ/cm 2 

31 " I'™ 0 ' ■* ,,ash ,ampS de,iver at least 80 mJ/cm2 ' P referablv * least 1 00 mJ/cm 2 , total 

UV radiation (240-280 nm) per flash to said container. 

32. An apparatus for delivering UV radiation to a medical device for sterilization comprising: 

at least one radiation source and a reflector for each said radiation source wherein at least one said reflector 
directs radiation from each said radiation source to a treatment area, such that at least 3 J/cm 2 broad spectrum 
rad.afcon of which at least 50 mJ/cm 2 of said radiation is UV radiation (240-280 nm) reaches said treatment 
area, said treatment area is located at the focal plane of said reflector, and further said treatment area is where 
said medical device is placed to receive the radiation. 

33. The apparatus of said claim 32, wherein said radiation source is a flash lamp. 

34 " riwSaZT* ° f daim 32 ° r daim 33 ' fUrthef comprislng a power SU PP ,V wnicn ha s a capacitance of 80 to 160 
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35 " msssa any one * c,aims 32 to 34, further comprisin9 a power ■** «** can generate a * 
36 Tmii a iS s ^ 

37. The apparatus of any one of claims 32 to 36. which has more than one radiation source wired in series. 

38. The apparatus of claim 37, wherein said apparatus further comprises a second flash lamp. 

39. The apparatus of any one of claims 32 to 38. wherein said reflectors have enhanced reflection in the ultraviolet. 
4 °' d2te?^ ° f dalm 39 ' Wher6in ^ r6f,eCt0r minimiZ6S me non * u ^vio!et radiation reaching the medical 
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Bacillus stearothermophilus 
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